The modeling of computer software is complex and error prone. Modeling methods and languages must be usable which implies easy to learn. Cognitive dimensions and grounded theory were used to analyse the usability and learnabilty of the new modeling language Unified Modeling Language-B: UML-B. A systematic survey of users' encounters and interactions with UML-B clarified its good and bad features. The results indicate that UML-B is more usable and learnable than comparative modeling languages such as 'B'. The results of this study will improve the future development of UML-B to increase its learnability hence its usability.
Introduction
This paper presents an investigation into the usability of UML-B. Usability in this context means the understandability/comprehensibility, learnability, operability, and attractiveness of the method. The assessment was conducted by using the grounded theory and a usability evaluation framework, namely the Cognitive Dimensions of Notations ( Green, 1989; Green & Petre, 1996) , with several usability criteria suggested by the International Organization for Standardization (ISO, 2003 (ISO, , 2004 . Software modeling involves the use of formal notations such as Z and B which use mathematical symbols to describe a system. (van Lamsweerde, 2000) . Formal notations have the ability to increase a model's precision and consistency, which is necessary especially for critical systems (Hinchey, 2002) . However, the notations are regarded as being difficult to learn and comprehend, due to the usage of unfamiliar symbols and underlying rules of interpretation that are not apparent to many practitioners (Carew, Exton, & Buckley, 2005) . On the other hand, semiformal notations such as Unified Modeling Language: UML provide abstract graphical representations for illustrating system elements. One possible approach is to combine the formal notation of B and the semiformal notation of UML. The resulting new modeling method is called UML-B (Snook & Butler, 2006) . The Learnability and Usability of UML-B is therefore worthy of investigation.
Background
The CD framework provides a comprehensive vocabulary for discussing the learnability and usability o programming languages, tools, and environments. It was originally proposed as a broad-brush discussion too offering a vocabulary to discuss the usability tradeoffs that occur when designing programming environment (Green, 1989; Green & Petre, 1996) . Nevertheless, it is also applicable beyond the programming environment. Sinc its proposal, the CD framework has been used as a basis of usability evaluation for several notations, such as UML (Cox, 2000; Kutar, Britton, & Barker, 2002) , and C# (Microsoft Corporation [Microsoft] , 2008) programmin language (Clarke, 2001 ).
The framework is generally seen as a tool that aids the usability evaluation of information-based artefacts (Gree & Blackwell, 1998) . The framework distinguishes six main types of user activity (Blackwell & Green, 2003) incrementation, transcription, modification, exploratory design, searching and exploratory understanding. Each o these user activities is supported by a specific usability profile. Table 1 provides the 14 dimensions in the CD framework, with summarized descriptions. UML-B (Snook & Butler, 2006 ) is a graphical formal modeling notation and method based on UML (OMG 2008) and B (Abrial, 1996) . It uses UML's Class and Statechart diagrams as the graphical representation of it model. The objective of the research into learnability focused on the question; do individuals who develop a mode using the UML-B method perceive them (i.e., the method and the model) as usable (easy to understand, easy t learn, easy to operate, and attractive)?
What are the characteristics of the UML-B method and UML-B model that affect their usability and learnabilit from the modeling perspective?
Survey
The survey was qualitative in nature. Despite the fact that some of the data were quantified using an ordinal scale, the bulk of the analysis was interpretative. This type of analysis was carried out due to the problem at hand, that is, the survey attempted to understand the nature of experience of learning and using UML-B. The analysis allows the intricate details about the phenomena, such as feelings, emotions, and thoughts to be extracted and analyzed.
We adopted the grounded theory approach (Glaser & Strauss, 1967; Strauss & Corbin, 1998 ) that has two variations based on different directions taken by its originators, namely Glaser (1992) and Strauss and Corbin (1998) . This survey employed Strauss' approach because it is more systematic and directive. It also encourages a qualitative study to have a research question so that the researcher can stay focused amid the masses of data.
The survey aimed to formulate tentative theories of the usability of integrated methods, (combined semiformal and formal notations) such as UML-B, based on the understanding obtained from the qualitative analysis using the grounded theory approach. The survey included these hypotheses in its investigation of the phenomenon through the following broad research questions:
Do individuals who develop a model using the UML-B method perceive them (i.e., the method and the model) as usable (easy to understand, easy to learn, easy to operate, and attractive)?
What are the characteristics of the UML-B method and UML-B model that affect their usability from the modeling perspective?
The survey instrument was developed based on the ideas proposed in the CD usability framework (Green, 1989) . The framework was adopted because it captures a significant number of psychology and human-computer interaction (HCI) aspects that focus particularly on the notational design. The questions for the survey were constructed by following the proposed CD questionnaire (Blackwell & Green, 2000) . The CD framework is widely used by other researchers investigating the usability of notations, such as UML diagrams (Kutar et al., 2002) and Z (Triffitt & Khazaei, 2002) , and so it provides a mechanism to compare the results of this survey with the results of other similar studies.
The CD questionnaire is intended to present the dimensions in general terms, applicable to all information artefacts, rather than presenting descriptions specialized to a specific system under consideration. The questionnaire was therefore tailored and modified slightly to reflect the characteristics of UML-B. Moreover, the questions for the survey were designed to include a set of answers using an ordinal scale together with the open-ended questions. This approach allowed the survey to obtain some quantitative measures rather than exclusively qualitative measures.
Ten participants responded to the survey. They were master's students of a software engineering program at the University of Southampton, who registered for the Critical Systems 1 course in spring 2006. They were chosen due to their potential contribution towards the development of usability theory for integrated methods such as UML-B. Specifically, they were selected because they received formal training on B (9 hours) and UML-B (1 hour) during the course. They also had completed courses on the object-oriented technology and formal methods of developing at some points in their studies. Basic knowledge of those aspects is necessary to develop a UML-B model. Moreover, the participants had some practical experience in using UML-B and its tools before participating in the survey. In particular, they used the method to develop a model of a system as part of their coursework towards the end of the Critical Systems course.
Results and Analysis
The survey adopted the grounded theory approach for the data analysis. In addition to capturing the informants' experiences of using UML-B, the survey aimed to formulate tentative theories on the usability of such integrated methods in general. The theory in the approach denotes a set of discrete categories that are systematically connected through statements of relationship. The categories in essence are abstract concepts that describe the phenomenon under study, whereas the statements of relationship are the interrelated properties of those categories.
Employing the grounded theory approach entails a number of coding and analysis processes. The first one applied was open coding where the responses were examined for objects of interest based on the stated research questions. The technique used was microanalysis (Strauss & Corbin, 1998) .
Category 1: Model Structure and Organization. The UML portion of UML-B allows the system properties and behaviors to be illustrated using the Class and Statechart diagrams. Each diagram represents the system from a specific perspective. This finding supports the comment obtained from the controlled experiment where the UML-B model had been regarded as messy. The cognitive psychology theory that underpins this phenomenon is that humans have a limited amount of information that can be processed at one time.
Category 2: Availability and Usefulness of Supporting Tools. Rational Rose and U2B are the main supporting tools in UML-B. These tools have been useful in some aspects (Property: consistency dimension; secondary notation dimension; Learnability and Utility of U2B).
Category 3: Learnability of Notations and Tools. The successful use of UML-B relies on the fact that users have to be familiar with UML and B. Otherwise, the integration of both notations could not be understood or valued.
Category 4: Functionality of Notations. Rational Rose provides specification windows in each diagram for specifying the semantics. There are two types of diagrams involved in UML-B, thus the users are provided with two types of specification windows. One is in the Class diagram and the other is in the Statechart diagram.
Each notation's roles and functionality at different parts of a model should be understood, which can easily be achieved only if the distinction between them is clear. Based on the findings, the survey generated the following tentative theories of the usability of integrated methods that combine semiformal and formal notations. The categories that contribute to the formulation of the theories are stated in the parentheses. 
Hidden dependencies Low
Premature commitment Low*
Progressive evaluation Provisionality High
Role-expressiveness High* Theory 1: The integration of semiformal and formal notations requires the understanding of principles and roles of both notations as well as the rules of the integration. The principles, roles, and rules ought to be obvious to users (Categories 3 and 4).
Theory 2: The integration of semiformal and formal notations requires strong support from the environment. Supporting tools and comprehensive documentation should be not only available but also useful, easy-to-learn, and easy-to-use (Categories 1, 2, and 3).
Conclusion
This paper has presented a survey conducted on a method of software modeling that integrates the use of semiformal and formal notations, namely UML-B. The survey assessed the usability and learnability of the notation used in the method and its modeling environment by using the CD framework with several usability criteria suggested by the ISO. The data analysis was conducted using the grounded theory approach. The findings indicated that the dual characteristics of the method bring to users several implications, both positive and negative. Combining semiformal and formal notations allows the potential of individual notation to be strengthened, while each notation's limitations can be compensated by the other. However, the integration, in essence, brings to the designers the loads of two individual notations, which are actually quite different in many ways. Users therefore need strong support from the environment to lessen the burden that lies beneath the integration effort. The support involves not only the tools that aid the modeling process but also resources for learning the method. Based on the findings, we proposed a usability profile based on CD for designing integrated methods such as UML-B.
